INTRODUCTION
The next generation of ocean-viewing, visible/nearinfrared satellite spectrometers will include for the first time a short-wavelength band which will permit improved chlorophyll a concentration determinations. The sea-viewing wide field-of-view sensor (Sea-WiFS), the high-resolution imaging spectrometer (HIRIS), and the moderate-resolution imaging spectrometer (MODIS) planned for launch in the 1990s will all contain a wavelength band in the 410-420 nm range. On Sea-WiFS, this band and a band at 490 nm will complement other bands (443,520,565, and 665 nm) that are similar to those of the coastal zone color scanner (CZCS). It will also have near infrared bands (765 and 865 nm) useful for separating water-leaving radiance from radiance scattered from atmospheric aerosols for coastal or other waters with high in-water backscattering.
Colored, dissolved organic matter (CDOM) (also gilvin or yellow substance), pheopigments, detritus, and associated bacteria (collectively referred to hereafter as "degradation products," or DP) absorb more strongly in the 412-nm band than at longer wavelengths [see Bricaud et al., 1981; Kiefer and Soohoo, 1982; Kirk, 1976 Kirk, , 1980 Kirk, , 1983 Kishino et al., 1985; Mitchell and Kiefer, 1988a; Roesler et al., 1989 ], whereas phytoplankton absorb more strongly at 443 nm than at 412 nm [Jeffrey, 1980; Bricaud et al., 1983] . These 1Marine Science Department, University of South Florida, St. contrasting absorption characteristics can be exploited for the purpose of quantifying viable phytoplankton pigments (mainly chlorophyll a but including some accessory pigments) independently from DP. They also provide a means to remotely assess the absorption due to DP.
CZCS algorithms for estimating chlorophyll a (Chl a) plus pheophytin a (pheo a) concentrations perform quite well for regions of the ocean where scattering and absorbing components of seawater covary with these pigments [Gordon and Morel, 1983; Gordon et al., 1983] . A number of empirical and semianalytical optical models have been developed to simulate the behavior of the underwater light field for such Morel case 1 waters [Morel and Prieur, 1977; Smith and Baker, 1978; Baker and Smith, 1982; Gordon et al., 1988; Morel, 1988; Mitchell and Holm-Hansen, 1991; Mitchell, 1991] . Such models have been used as the basis for classifying water types and/or for developing remote sensing algorithms.
The accuracies of these models, however, may decrease when environmental conditions depart from those representative of the data set used to empirically derive the covariance relationships. For instance, DP including CDOM are produced when grazing, photolysis, and other mechanisms degrade the viable plant matter at and downstream from phytoplankton blooms. The DP-to-chlorophyll ratio will change dramatically for a parcel of upwelled water over a relatively short time, from chlorophyll-rich and DP-poor to DP-rich and chlorophyll-poor. Solid evidence for the occurrence of this scenario can be found in two separate studies. Peacock et al. [1988] found that absorption attributed to CDOM at 440 nm was at least sixteenfold that due to phytoplankton pigments within an offshore jet from an upwelling region, whereas pigments were the dominant absorption agents at the upwelling center near the coast. Similarly, Carder et al. [1989] found that particulate absorption at 440 nm decreased thirteenfold, while CDOM absorp-model is used to develop an algorithm that utilizes a 412-nm spectral channel in addition to the 443-nm and $65-nm channels expected on Sea-WiFS in order to estimate from irradiance reflectance data Chl a concentration and the absorption effects due to DP. In situ reflectance data from the California Current region is used to test the algorithm.
MODEL AND ALGORITHM DEVELOPMENT
Morel and Gordon [1980] describe three approaches to interpret ocean color data in terms of the in situ optical constituents: empirical, semiempirical, and analytical. In the analytical approach, (1) radiative transfer theory provides a relationship between upwelling irradiance and the in situ constituents, then (2) constituent concentrations are derived from irradiance values measured at several wavelengths by inversion of the resultant system of equations. The algorithm presented here uses this approach, and the term "semianalytical" is invoked because pieces of the radiative model are expressed by empirical relationships. This analytical derivation of the two quantities in question, Chl a and degradation products, avoids the problem of statistical nonvalidity, due to the spatial and spectral correlation between the two, that Prieur and Sathyendranath [1981] encountered in their attempts to decouple the optical effects of those two quantities. In the following sections, the radiative transfer model will be developed, the individual terms in the resultant equations will be expressed in terms of Chl a and degradation product concentrations, and the algorithm for determining the constituent concentrations will be explained.
Reflectance Model
The concept of using spectral ratios of water-leaving radiance to determine phytoplankton pigment concentrations has enjoyed widespread currency ever since the idea first surfaced in the work by Clarke et al. [1970] . The most commonly applied algorithm for use with CZCS data corrected for atmospheric effects falls into the empirical category as described by Morel and Gordon [1980] and is described by 
where b' is the backscattering coefficient, a is the absorption coefficient, and the subscripts w, cdom, and p represent water, CDOM, and particles. The spectral dependence of each term has been left off for convenience. In practice, a cdom corresponds to the fraction of a given water sample that passes through a 0.2-/xm pore size filter, while ap corresponds to the fraction that is retained on a Whatman GF/F glass-fiber filter. This approach ignores the absorption effects of bacteria and detritus in the size range of 0.2 to about 0.7/xm [Altabet, 1990] . A difficulty with the above expression is that absorption effects due to viable phytoplankton pigments, pheopigments, detritus, and bacteria are all a part of a p. The last three of these components, referred to hereafter as "particulate degradation products" or PDP, do not contribute to the photosynthetic process, yet they often play a significant role in determining the magnitude of a p, especially at the shorter wavelengths [Mitchell and Kiefer, 1988a ]. This effect is apparent in Figure 1 
Spectral Absorption by Degradation Products
Recently, the term CDOM has been employed to describe that fraction of the dissolved organic matter which modifies the color of the water by absorption of light (the terms gilvin, gelbstoff, or yellow substance are often used interchangably with CDOM). The oceanographic and limnological literature is rife with reports of the absorption effects of CDOM [James and Birge, 1938; Jerlov, 1955; Kalle, 1961 Kalle, , 1966 Hojerslev, 1974; Stuermer, 1975; Lundgren, 1976 
The prime indicates that the parameter is not a true concentration, but one which includes PDP, which is weighted by the specific absorption coefficients. Using ( Here a dp is a function of C•, and Cf for a given wavelength.
However, in order to apply an algorithm with two irradiance ratios, the model is underspecific unless a dp can be param- were determined by the simple and inexpensive GF/F filter pad transmission method described by Kiefer [1984, 1988b] . This method also incorporates absorption due to particulate detritus into the measured absorption spectrum, so only those data which are reasonably "detritus- 
RESULTS
The optical data set described above has been used for input to both the DP algorithm and to an appropriate Case algorithm. Table 2 . Used in this manner, the DP algorithm cannot be purely predictive without some prior knowledge off'. Fortunately, as will be seen in section 5, this problem should not be large.
The results are depicted graphically in Figure 7 . For the 11 DP-rich stations, the mean error using the case 1 algorithm for [Chl a] was _+61%, while that for the DP algorithm was _+23%. The net positive bias in the case 1 estimates for these waters will yield a corresponding inflation of any primary productivity estimates that are based on such values, while the DP algorithm provided only a slight negative bias for these same waters. For the case 1 waters (15 stations) the case 1 algorithm had a mean fractional error of _+22% with a net negative bias and the DP algorithm had _+ 14% error with little or no net bias. The error percentages are summarized in Table 3 .
DISCUSSION

Comparison of the DP Algorithm Versus the Case 1 Algorithm
The most significant result of this study is the considerable improvement in [Chl a] retrieval accuracy of the DP algorithm over the case 1 algorithm (23% error versus 61% error) 
Regression Analyses
The regression analyses performed on the data depicted in Figure 8 Figure 3) . The algorithm expressed by (26) provides a means to estimate the viable pigments for the low-light, late fall time period in the ODEX region using a CZCS-type algorithm.
Variability off'
The results of the DP algorithm assume that f' = 0.92, and some of the error in our DP model results may be explainable in terms of a variable f'. However, iterative trials of the DP algorithm in which f' was allowed to vary by _+0.03 about the "regional average" of 0.92 for each station yielded little or no improvement in the mean fractional error for [Chl a] estimates, so using a single value of f' for the entire study region is probably not a bad approximation.
However heavily influenced by terrestrial runoff, the entire a dp term needs reassessment, since the geochemistry of CDOM is different for terrestrial and rivefine versus marine ecosystems, resulting in significant variation in the humic/fulvic ratio, the mass-specific absorption coefficients, and the CDOM molecular weights. 
